INTRODUCTION
Members of the David A. Johnston Cascades Volcano Observatory typically run FirstOrder, Class II leveling surveys (Federal Geodetic Control Committee (FGCC), 1984) to monitor volcanoes of the western United States.
The following is a discussion and instruction in the use of the MC-II® handheld computer and the Level program as well as a listing of the Level program codes.
PROGRAM HISTORY
The original code for program Level was written on a IBM® compatible Personal Computer (PC) using GWBASIC® and downloaded into the MC-II® using the Kermit® software (Kermit is explained later) which came with the MC-II® computer. Although the MC-II® uses MC-BASIC®, and not GWBASIC®, the codes are similar enough that in this program no changes in the code were required.
Because no software is available for this type of leveling survey, we developed our own software. We chose the MC-II® computer for our field data collector.
The Level program requires about 5 kilobytes (KB) of Random Access Memory (RAM), plus an additional 10 KB is required for storage of a day's worth of data.
MC-II® CONFIGURATION
The MC-II® came with 128 KB of RAM. We added an additional 128 KB RAM module for a total of 256 KB. However only 128 KB is available for the program and data storage; the rest is used for the operating system. If periphials will be used with the MC-II® computer the communication package should also be purchased.
One 128 KB RAM module was installed in the "A" drive and the other was installed in the "B" drive (figure 2). The "A" drive was configured to "Memory", for the operating system, the "B" drive was configured to "Files" for programs and data storage, and the MC-BASIC® module was installed in the "E" drive.
The two, 128 KB RAM modules contain their own lithium batteries, so the modules can be removed without losing files or programs contained in them. The MC-BASIC module is an Erasable, Programmable, Read Only Memory (EPROM) module, so its memory is always protected.
GENERAL MC-II® OPERATIONS
Note: The [«-] symbol means "Enter". This key is also marked "TAB". To clear the screen type "CLS" then the M key. To access the clock and calendar functions type "TIME" then [«-*] or "DATE" then [«-].
To exit press the [*-] key twice. When "Filename" and "Programname" are refered to in the text, this means that the actual filename, or program name is to be entered. These commands will not work while in the "BASIC" mode.
The MC-II® can be turned off in two ways. The easiest is to type "OFF1, or "EXIT1. From the main menu or while in BASIC use the [F5], (OFF) key.
When the computer is first turned on it will "boot up" in the "F" drive and a menu will be displayed. Press the [«-] key. Another menu will appear. The first line displayed will be "Current dev = F:". Use the "up" [ 
RESETTING THE MC-II®
In the event that the MC-II® keyboard or screen "lock up", a "soft" reset can be performed by depressing the [Fl] 
PRINTING DATA
To get a paper copy or a "hard copy" of the program file or of the data set, connect the printer to Com port 2 (communication port) located at the top left of the MC-II® as it faces upright (figure 1). Type "COPY FILENAME COM2:", followed by the [Fl], (GO) key. Another way is to highlight the file name using the A, or v cursor key, then press the [F2], (copy) key. The MC-IP will prompt {Destination?}. Type "COM2:", followed by the H key.
TRANSFERING FILES OR PROGRAMS WITH "KERMIT'*
Kermit is copyrighted by Columbia University, NY., but permission is granted for free distribution by the trustees of the University. Kermit will need to be installed on both the MC-II®, and the PC.
Transfer from the MC-II® to a PC If your PC has a hard drive, go to step "e". To transfer files or programs from the MC-II® to a PC without a "hard" drive: a) Insert the Disk Operating System (DOS) Boot disk into the "A" drive of the PC. b) Insert the data diskette into the "B" drive. c) Turn the computer on.
After the computer has "Booted" up, remove the Boot disk from the "A" drive. d) Insert the diskette containing the Kermit® program into the "A" drive. e) Using the serial adapter provided with the communication package, connect the serial connector to the serial port of the PC. The other end of the "Pigtail" cable goes to Com port 1 located on the right-hand side of the MC-II® as it faces upright. f) On the PC type "Kermit r b:" then the H key. DO NOT ENTER THE QUOTE n MARKS!! g) On the MC-II® type "Kermit s filename" then the M key. The V and "s" after Kermit stands for "receive" and "send". e) While the data are being transferred, the PC will indicate the number of "packets" received and the MC-II® will display the number of "bytes" sent. You have ten (10) tries before either computer aborts the transmit or receive sequence.
Transfer from PC to MC-II® If sending files or programs from the PC to the MC-II®, the only difference would be switching the "r" and the "s" after Kermit on the PC and the MC-II®. 3) {Enter File Name?} Enter a unique name. If a file with a similar name exists, the next prompt will be: 3a) {File XXXX} This allows you to create a new file or to overwrite or {already exists} append to an existing file.
{do you want to} {(O) overwrite} {(A) append or}
If "A" is entered, the program appends the file {(C) create a new} If "C" is entered, the program cycles back to step # 3 {file? 0, A, } If "O" is entered, the next prompt will be: 3b) {Do you really } If "0" was entered, this prompt will be generated {mean overwrite? Y,N} If "AT1 is entered, the program will cycle back to step 3.
4) {1st or 2nd Order?}
1st order surveys (FGCQ1984) allow 0.3 mm error between the low and high scale elevations. 2nd order allows 1.0 mm. Enter "1" or "2".
5) {Do you want stadia Y, N}
If "Y" is entered, all readings will require stadia wire readings, a W will not ask for stadia wire reading.
6) {Enter Gun ID}
Enter the serial number of the level instrument.
7) {Level Type}
Enter the type and manufacturer of the level, ie; "WILD NA2".
8) {Rod Type (W) WILD} Enter the manufacturer of the level rods. {(K) KERN}

9) {Enter Network}
Enter the location of the survey. Not more than 10 characters.
10) {Gun HI in FT}
Enter the height of the gun person.
11) {Enter both rod ID}
Enter both rod ID numbers separated by a space.
12) {BS Bench mark}
Enter the ID of the backsight bench mark.
13) {BS rod ID}
Enter the serial number of the rod on the backsight bench mark.
If "Y" was given to prompt number (5) the next prompt will be:
14) {STADIA IMBALANCE IS ##.# M.} The first time the program is run it will {75 THIS CORRECT Y,N}
always be 0. If the number displayed is correct, enter a "Y". If not, enter a W.
If an "AT was entered the prompt will be:
15) {Enter the correct imbalance} How do you know what the correct imbalance is?
Step (30) will display the total imbalance.
If "Y" was given for step number (14), the prompt would have been:
16) {enter 1 to change}
Entering a 1 at any of the middle wire inputs will produce {or correct input} a menu to change program input sequence.
17) {BS mw low scale}
Normally at this point the backsight (BS) middle wire (mw) low scale will be read, but if the previous foresight was a bench mark, entering "1" allows you to input a bench mark ID.
If W was given for step number (5), the next two prompts will not appear but the program will cycle to step number (20) {FS mw low scale}.
18) {BS top wire}
Enter backsight top stadia wire.
19) {BS Bott wire} Enter backsight bottom stadia wire .
A "BEEP" at this point means that there was an error in the input or in the numbers read. The program will cycle back to number (18).
If there is an error again, a double "BEEP" will sound and the program will cycle to step number (17).
If there are no errors, the message {BS Stadia is ##.# m} will be displayed, then the prompt:
20) {FS mw low scale}
Normally the foresight (FS) middle wire low scale reading will be entered but, if "1" is entered, a menu will be generated.
If 'W was given at step number (5), the program would cycle to step number (25), bypassing steps 21-24. If "Y" was entered, the following prompt will be displayed:
21) {FS Top Wire}
Enter foresight top stadia wire.
22) {FS Bott Wire}
Enter foresight bottom stadia wire.
Again "Beeping" sounds require additional input. Read the prompts carefully!!.
If the stadia imbalance between the backsight and the foresight is greater than _+. 5 m (FGCC, 1984), one of the following two messages will be displayed:
23) {Foresight is long by #.# m} OR {Foresight is short by #.# m}
{Move Someone!!} Inform the gun person of this amount so the proper adjustments can be made. The program will then cycle to step number (17).
17) {BS mw low scale}
Read the setup again. DO NOT ENTER a "1"!!.
If everything had checked at step number (22), the following message will be displayed:
24) {FS Stadia is ##.# m} 25) {Foresight mw high} Enter the foresight high, middle wire.
26) {Backsight mw high} Entering a "7" will generate a menu A "BEEP" at this point requires immediate attention by the recorder. One of two messages will be displayed. If the backsight high reading is less than 302, the computer will prompt {Read the High Scale!!}. This means that the operator read the low scale instead of the high scale. This allows the operator a second chance to correct the mistake. If the message is {Warning Bad Reading} the program will display {Check is off by ###.##} and cycle back to step number (17) {BS mw low scale}. Since the stadia readings were good the first time they were read, the program will not ask for the stadia readings again.
If there are a number of "Bad Readings" and the gun person wishes to move the instrument, and or the rod people, you must enter "1" for step number (17). This will generate a menu. Enter 5 "Reject stadia" reading for the set-up. This should be the only time that a "5" from the menu is used!!! If the elevation difference between the low and high scale is within the tolerance set by step number (4), the prompt will be:
27) {Enter temp top then bott}
Enter both temperatures as one number. A temperature reading of 23.5 on the top and 24.7 on the bottom will be entered as 235.247. Temperatures of 10.3 and 9.7 are entered as 103.097
At this point a number of messages will be displayed on the screen.
28) {Stadia Distance is ##.# m}
This is informational only and is the cumulative distance since the last bench mark. This is helpful when approaching the required distance to the next bench mark.
29) {Elev is ###.# m}
Again informative information but useful when approaching a bench mark.
The next message displayed will be either:
30) {Lengthen} OR
This number is the distance required to keep the {Shorten} length of the backsight stadia and the foresight [the foresight ##.##} equal. Inform the rod people so they can correct accordingly.
The program will then cycle back to step (17).
17) {BS mw low scale)
Continue as before. If the foresight rod was on a bench mark enter "1" now.
If "1" is entered at step number (17) a menu will be generated. Enter "1" for "Input a BM" If a "BM" was entered, the program will cycle back to step number (6).
31) {FS BM ID}
6) {Enter Gun ID}.
If a "TBM" was entered, the program will cycle to step number:
12)
{BS bench mark} Enter the backsight bench mark and continue as before. 
